Adaptive decreases in amino acids (taurine in particular), creatine, and electrolytes prevent cerebral edema in chronically hyponatremic mice: rapid correction (experimental model of central pontine myelinolysis) causes dehydration and shrinkage of brain.
The experimental model of central pontine myelinolysis--chronic (4-day) hyponatremia induced by daily injections of hypotonic dextrose solutions and vasopressin followed by rapid correction with saline--was used in young fasted and thirsted mice. In normal controls chronic fasting and thirsting lowered plasma and brain glucose levels and cerebral glycolytic and tricarboxylic acid cyclic metabolic fluxes. The fasting state had little effect on brain amino acids. Clinically, the animals became semistuporous; about one-third died. Chronic hyponatremia in fasted mice almost tripled the plasma glucose concentrations and increased the brain carbohydrate reserve. Levels of other brain glycolytic and Krebs citric acid cycle intermediates were similar to those of controls. Severe hyponatremia and hypoosmolality induced profound decreases in levels of brain electrolytes, amino acids (especially taurine), and creatine. These changes permitted a new osmotic balance between blood and brain and a normal brain water content. The behavior and mortality of the hyponatremic animals were not different from those of the fasted control mice. Correction of hyponatremia to normonatremic levels over a 9-hr period returned brain Na+ and K+ levels to normal but the contents of the measured amino acids and creatine were still reduced one-third or more. As a result, treatment produced a significant degree of dehydration and shrinkage of the brain. The findings stress the importance of amino acids (taurine in particular) and creatine levels, as well as electrolytes, in brain osmoregulation and suggest a role for an osmotic disequilibrium--blood osmolality higher than brain--in the production of brain lesions following rapid correction of chronic hyponatremia in animals and possibly in humans. Replenishment of depleted brain K+ and amino acid levels, as well as slow elevation of the chronically depressed level of plasma Na+, is recommended.